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Abstract 
Against a backdrop of rising antibiotic resistance and a dwindling pipeline of new 
antibacterial drugs, this thesis set out to examine the potential of bacteriophage (phage) 
therapy as an alternative or complementary means of treating bacterial infection. Phage 
therapy is used as a frontline antibacterial therapy in the former Soviet bloc countries but 
remains an unexplored technology in Western science. To investigate the reasons behind 
this and other aspects of phage therapy, this thesis undertook the development of 
bacteriophage-based products against two important human bacterial pathogens, 
methicillin-resistant Staphylococcus aureus (MRSA) and multi-drug resistant Pseudomonas 
aeruginosa (MRPA). 
 
To develop phage products in today’s scientific and regulatory framework it was necessary 
to return to basic principles. The first stage in this process involved the assembly of 
reference collections of the target bacteria. Once these were available, bacteriophages were 
isolated from a range of environmental sources, and their spectrum of activity and physical 
characteristics evaluated. Bacteriophages with the appropriate reactivity profile were then 
tested for stability, morphology, and further analysed using molecular biological 
techniques. Phages with therapeutic potential were then combined into mixtures or 
“cocktails” and their activity evaluated against clinical isolates from different geographical 
regions. Lastly, a commercial phage product was used in one compassionate case study 
involving a hospital patient to treat a refractory P. aeruginosa urinary tract infection. 
  
Fifty-two MRPA and fifty-eight MRSA phages were isolated over a period of 18 months. 
Selected phage therapeutic candidates were shown to be physically stable and genetically 
different from each other. They also showed a broad spectrum of activity against the 
targeted pathogens and this resulted in the production of three prototypes cocktails for each 
target pathogen. The MRPA cocktails achieved a reactivity of 62%-90% against clinical 
isolates from four geographical areas while the MRSA cocktails achieved a reactivity of 
61%-96% in two geographical areas. In the clinic, a compassionate phage therapy treatment 
vi 
was well tolerated, produced no adverse side-effects, and in combination with antibiotics, 
resulted in the complete eradication of a refractory P. aeruginosa urinary tract infection.   
 
This thesis has demonstrated, for the first time in Australia, that it is possible to develop 
stable, fully characterised, broad-spectrum bacteriophage-based products with the potential 
to treat human infections caused by MRSA and MRPA. It also showed the value of phage 
therapy in the clinic by eradicating a chronic P. aeruginosa infection. Furthermore, though 
not presented in the main body of this thesis, two of the bacteriophage prototypes 
developed here (one MRSA and one MRPA) were recently shown to be effective in treating 
bacterial infections in two separate animal models.  
 
Phage therapy has the potential to play a major role in addressing the serious problems 
caused by the ever-widening antibiotic resistance crisis. No doubt, there will be production 
and regulatory hurdles to overcome and an urgent requirement to train a new generation of 
microbiologists and clinicians skilled at developing and administering these powerful 
antibacterials. However, it is now obvious that the old paradigm of depending on a constant 
stream of novel antibiotics is no longer valid and alternative technologies such as this must 
be fully explored. 
vii 
Posters, oral presentations and peer reviewed 
publications in chronological order 
Poster Presentations 
1 Morales, S.P., et al. (2007) Bacteriophage Therapy: An alternative to conventional 
antibiotic treatment for resistant infections; Proceedings of The Australian Society 
for Microbiology Conference, Adelaide. 
2 Morales, S.P et al. (2007) Bacteriophage Therapy in Aquaculture: Isolation of 
Streptococcus iniae phages for the treatment of farmed Barramundi fish in 
Australia: Proceedings of the 17th Evergreen International Phage Biology Meeting, 
ed. C. Loc-Carrillo, Olympia. 
3 Morales, S.P et al. (2009) In vitro activity of bacteriophage cocktails against 
Pseudomonas aeruginosa: Proceedings of the 18th Evergreen International Phage 
Biology Meeting, C.Loc-Carrillo, Olympia.  
4 Morales, S.P et al. (2010) Global screening of therapeutic phage preparations 
against clinical isolates of Pseudomonas aeruginosa. Poster and Abstract in the 
Proceedings of the 17th European Congress of Clinical Microbiology and 
Infectious Diseases (ECCMID), Vienna, Austria, 10-13 April. 
5 Morales, S.P et al. (2012) Bacteriophage treatment inhibits and reduces biofilm 
formation by Pseudomonas aeruginosa strains from Cystic Fibrosis patients. Poster 
and Abstract in the Proceedings of the 22nd European Congress of Clinical 
Microbiology and Infectious Diseases (ECCMID), London, England, 31st March-3 
April. 
6 Pabary, R., Singh, C., Morales, S., et al (2012) Anti-Pseudomonal bacteriophage 
cocktail reduces inflammatory responses in the murine Lung. Thorax 67 (S103): 
A50-A51. 
viii 
7 Drilling, A., Morales, S., et al (2013) Developing a novel treatment for sinonasal 
Staphylococcus aureus biofilms: The enemy of my enemy is my friend. 
Proceedings of The Australian Society for Microbiology Conference, Adelaide. 
 
      Oral Presentations  
1 Morales, S.P., et al. (2009) In vitro and in vivo efficacy of phage therapy cocktails 
for the treatment of multidrug-resistant Pseudomonas aeruginosa; Proceedings of 
The Australian Society for Microbiology Conference, ed. J. Sofronidis, Perth. 
2 Morales, S.P et al. (2010) Prospects of phage therapy. First Colombian Event in 
Phage Biology and Phage Therapy: keynote speaker. Bogota, Colombia, 17-18 
August 2010. 
3 Morales, S.P et al. (2010) Use of bacteriophages for the control of Salmonella sp. 
First Colombian Event in Phage Biology and Phage Therapy: keynote speaker. 
Bogota, Colombia, 17-18 August 2010. 
4 Morales, S.P et al. (2011) Development of bacteriophage cocktail for the 
management of nosocomial and community acquired MRSA. Oral presentation and 
abstract in the Proceedings of the 21st European Congress of Clinical 
Microbiology and Infectious Diseases (ECCMID), Milan, Italy, 7-10 May 2011. 
5 Morales, S.P et al. (2011) Development and optimization of a universal MRSA 
phage cocktail. Oral presentation and abstract in the Proceedings of the 19th 
Evergreen International Phage Biology Meeting. Olympia, USA, 7-12 August 
2011. 
6 Morales, S.P et al. (2013) Bacteriophage therapy for the treatment of 
Pseudomonas aeruginosa lung infections in Cystic Fibrosis patients. Oral 
presentation and abstract in the Proceedings of the 20th Evergreen International 
Phage Biology Meeting. Olympia, USA, 4-9 August 2013. 
 
 
 
ix 
    Peer-reviewed Publications 
1 Smithyman, A.M. and Morales, S.P. (2007) Bacteriophage Therapy: An 
alternative treatment in the Era of Antibiotic Resistant Bacteria?. Syntrophy,8 (1): 
1,9 
2 Khawaldeh, A., Morales, S et al (2011). "Bacteriophage therapy for refractory 
Pseudomonas aeruginosa urinary tract infection". Journal of Medical Microbiology 
60 (11): 1697-1700. 
3 Harper, D. R. and Morales, S (2012). Bacteriophage therapy: practicability and 
clinical need meet in the multidrug-resistance era. Future Microbiology 7:797-799. 
4 Drilling, A., Morales, S., et al (2014). Safety and efficacy of topical bacteriophage 
and ethylenediaminetetraacetic acid treatment of Staphylococcus aureus infection 
in a sheep model of sinusitis. International Forum of Allergy and Rhinology 4 (3): 
176-186 
 
AWARDS 
Becton Dickinson ASM Student Award winner in 2011 for the work done on the 
subject: “Development of bacteriophage cocktails for the management of 
nosocomial and community- acquired MRSA”.  

xi 
Table of Contents 
1 INTRODUCTION ........................................................................................................... 1 
1.1 The Historical Impact of Bacterial Infectious Diseases ......................................... 1 
1.2 The Discovery of Antibiotics: their clinical impact and the problem of 
resistance .............................................................................................................. 2 
1.2.1 Staphylococcus aureus and antibiotic resistance .................................. 9 
1.2.2 Pseudomonas aeruginosa and antibiotic resistance ............................ 14 
1.2.3 Other pathogens and antibiotic resistance ........................................... 16 
1.3 Bacteriophage Therapy ......................................................................................... 19 
1.3.1 Bacteriophages, bacteriophage cycle and mechanisms of 
resistance ............................................................................................. 20 
1.3.2 Bacteriophage history ......................................................................... 25 
1.4 Project aims .......................................................................................................... 30 
2 GENERAL MATERIALS AND METHODS ............................................................. 35 
2.1 Bacterial Strains ................................................................................................... 35 
2.1.1 Bacterial stock cultures ....................................................................... 35 
2.2 Growth Media ....................................................................................................... 38 
2.2.1 Nutrient broth (NB) for S. aureus and P. aeruginosa bacteria ........... 38 
2.2.2 Nutrient Agar (NA) for S. aureus and P. aeruginosa bacteria ........... 38 
2.2.3 Blood agar base for S. aureus and P. aeruginosa bacteria ................. 38 
2.3 Media for Bacteriophage Isolation and Propagation ............................................ 38 
2.3.1 Nutrient semi-solid agar ...................................................................... 38 
2.3.2 Salt magnesium (SM) buffer ............................................................... 39 
2.4 Enumeration of S. aureus and P. aeruginosa in Pure Culture.............................. 39 
2.5 Microbiological Confirmatory Tests .................................................................... 39 
2.5.1 Confirmatory tests for Staphylococcus aureus ................................... 40 
2.5.2 Confirmatory tests Pseudomonas aeruginosa..................................... 41 
2.6 Bacteriophage Isolation, Purification and Propagation ........................................ 42 
2.6.1 Preparation of bacterial lawns ............................................................. 42 
xii 
2.6.2 Isolation of bacteriophage from solid samples ................................... 42 
2.6.3 Isolation of bacteriophage from sewage samples ............................... 44 
2.6.4 Bacteriophage purification .................................................................. 44 
2.6.5 Bacteriophage propagation ................................................................. 44 
2.6.6 Bacteriophage titration ........................................................................ 45 
2.6.7 Lytic spectrum of bacteriophage ......................................................... 46 
2.6.8 Preparation of bacteriophage for electron microscopy 
examination ......................................................................................... 46 
3 ISOLATION OF STAPHYLOCOCCUS AUREUS AND PSEUDOMONAS 
AERUGINOSA BACTERIOPHAGES ..................................................................... 47 
3.1 Introduction .......................................................................................................... 47 
3.2 Bacterial Identification ......................................................................................... 48 
3.2.1 Staphylococcus aureus identification ................................................. 48 
3.2.2 Pseudomonas aeruginosa identification ............................................. 48 
3.3 Selection of Bacterial Isolates for Bacteriophage Isolation ................................. 48 
3.3.1 Staphylococcus aureus indicator bacteria ........................................... 48 
3.3.2 Pseudomonas aeruginosa indicator bacteria ...................................... 49 
3.4 Bacteriophage Isolation ........................................................................................ 49 
3.4.1 Samples for bacteriophage isolation ................................................... 49 
3.4.2 Bacteriophage isolation protocols ....................................................... 50 
3.5 Bacteriophage Lytic Host Range .......................................................................... 50 
3.6 Results .................................................................................................................. 50 
3.6.1 Staphylococcus aureus bacteriophages ............................................... 50 
3.6.2 Pseudomonas aeruginosa bacteriophages .......................................... 59 
3.7 Discussion ............................................................................................................ 65 
4 CHARACTERIZATION OF STAPHYLOCOCCUS AUREUS AND 
PSEUDOMONAS AERUGINOSA BACTERIOPHAGES ...................................... 75 
4.1 Introduction .......................................................................................................... 75 
4.2 Characterization of Bacteriophage ....................................................................... 76 
4.2.1 Lytic activity of selected bacteriophage against clinical isolates ....... 76 
4.2.2 Temperature stability .......................................................................... 76 
xiii 
4.2.3 pH stability .......................................................................................... 76 
4.2.4 One step growth curves ....................................................................... 77 
4.2.5 Effect of bacteriophage concentration on S. aureus and P. 
aeruginosa ........................................................................................... 77 
4.3 Results .................................................................................................................. 78 
4.3.1 Characterization of S. aureus (Sa) bacteriophages ............................. 78 
4.3.2 Characterization of P. aeruginosa (Pa) bacteriophages ...................... 96 
4.4 Discussion .......................................................................................................... 112 
5 DEVELOPMENT OF BACTERIOPHAGE COCKTAILS ................................... 119 
5.1 Introduction ........................................................................................................ 119 
5.2 Formulation of Bacteriophage Cocktails ............................................................ 120 
5.3 Host Range of S. aureus (Sa) Bacteriophage Cocktails Against Local and 
Foreign Isolates ................................................................................................ 121 
5.3.1 Lytic activity of Sa bacteriophage cocktails against reference 
collection ........................................................................................... 121 
5.3.2 Lytic activity of Sa bacteriophage cocktails against clinical 
isolates collected in Australia ........................................................... 121 
5.3.3 Lytic activity of Sa bacteriophage cocktails against clinical 
isolates collected in the United Kingdom ......................................... 122 
5.4 Host Range of P. aeruginosa (Pa) Bacteriophage Cocktails Against Local 
and Foreign Isolates ......................................................................................... 122 
5.4.1 Lytic activity of Pa bacteriophage cocktails against reference 
collection ........................................................................................... 122 
5.4.2 Lytic activity of Pa bacteriophage cocktails against clinical 
isolates collected in Australia ........................................................... 122 
5.4.3 Lytic activity of Pa bacteriophage cocktails against clinical 
isolates collected in the United Kingdom ......................................... 123 
5.4.4 Lytic activity of Pa bacteriophage cocktails against clinical 
isolates collected in the United States ............................................... 123 
5.4.5 Lytic activity of Pa bacteriophage cocktails against clinical 
isolates collected in Guatemala City ................................................. 123 
5.5 Bacteriophage Resistant Cells ............................................................................ 124 
5.5.1 Frequency of emergence of bacteriophage-insensitive mutants: 
individual phage vs phage cocktails.................................................. 124 
xiv 
5.5.2 Susceptibility of presumptive phage-resistant cells to individual 
bacteriophages within a cocktail ....................................................... 124 
5.6 Results ................................................................................................................ 125 
5.6.1 Host range of S. aureus (Sa) bacteriophage cocktails against 
local and foreign Isolates .................................................................. 125 
5.6.2 Host range of P. aeruginosa (Pa) bacteriophage cocktails 
against local and foreign isolates ...................................................... 129 
5.6.3 Comparison of the calculated ratio of infection (ROI) of the 
developed phage cocktails against the reference and clinical 
strains tested ...................................................................................... 138 
5.6.4 Bacteriophage resistant bacteria ....................................................... 141 
5.6.5 Susceptibility of presumptive phage-resistant cells to individual 
bacteriophages within a cocktail ....................................................... 147 
5.7 Discussion .......................................................................................................... 152 
6 TRANSMISSION ELECTRON MICROSCOPY OF BACTERIOPHAGES ...... 157 
6.1 Introduction ........................................................................................................ 157 
6.2 Transmission electron microscopy of S. aureus (Sa) and P. aeruginosa 
(Pa) bacteriophages .......................................................................................... 159 
6.3 Results ................................................................................................................ 159 
6.3.1 TEM of S. aureus (Sa) phages .......................................................... 159 
6.3.2 TEM of P. aeruginosa(Pa) phages .................................................... 167 
6.4 Discussion .......................................................................................................... 175 
6.4.1 TEM of S. aureus (Sa) phages .......................................................... 175 
6.4.2 TEM of P. aeruginosa (Pa) phages ................................................... 176 
6.4.3 TEM general discussion .................................................................... 177 
7 MOLECULAR CHARACTERIZATION OF BACTERIOPHAGES ................... 181 
7.1 Introduction ........................................................................................................ 181 
7.2 Molecular characterization of bacteriophage ..................................................... 182 
7.2.1 DNA extraction of phage DNA ........................................................ 182 
7.2.2 Restriction enzyme digestion of bacteriophages ............................... 183 
7.2.3 Pulsed-field gel electrophoresis (PFGE) of bacteriophage DNA ..... 183 
7.3 Results ................................................................................................................ 184 
xv 
7.3.1 DNA extraction of bacteriophages .................................................... 184 
7.3.2 Molecular characterization of S. aureus (Sa) bacteriophages ........... 185 
7.3.3 Molecular characterization of P. aeruginosa (Pa) 
bacteriophages ................................................................................... 191 
7.3.4 Analytical testing system prototype of S. aureus (Sa) 
bacteriophages ................................................................................... 196 
7.4 Discussion .......................................................................................................... 199 
8 CASE STUDY: BACTERIOPHAGE THERAPY FOR A REFRACTORY 
PSEUDOMONAS AERUGINOSA INFECTION ................................................... 205 
8.1 Introduction ........................................................................................................ 205 
8.2 Case Study .......................................................................................................... 206 
8.2.1 Patient’s clinical history  ................................................................... 206 
8.2.2 Therapy approval .............................................................................. 207 
8.2.3 Production of patient-specific bacteriophage cocktail ...................... 208 
8.2.4 Bacteriophage therapy: administration protocol  .............................. 213 
8.3 Laboratory Materials and Methods .................................................................... 215 
8.3.1 Enumeration of bacteria in urine samples  ........................................ 215 
8.3.2 Enumeration of bacteriophage in urine  ............................................ 216 
8.4 Results ................................................................................................................ 219 
8.4.1 Clinical observations ......................................................................... 219 
8.4.2 Phage stability in urine samples ........................................................ 219 
8.4.3 Bacteria and bacteriophage evaluation ............................................. 221 
8.5 Discussion .......................................................................................................... 224 
9 SYNOPSIS AND GENERAL DISCUSSION ........................................................... 229 
9.1 Synopsis .............................................................................................................. 229 
9.2 General Discussion ............................................................................................. 244 
9.2.1 From in vitro to in vivo efficacy........................................................ 244 
9.2.2 Prospects and challenges for phage therapy in the future ................. 247 
9.3 Conclusion .......................................................................................................... 259 
BIBLIOGRAPHY ............................................................................................................. 269 
 
xvi 
List of Figures 
Figure 1-1. Timeline of the introduction of antibiotics in the clinical practice vs. the 
first report of antimicrobial resistance to the particular antibiotic 
(sourced from Hougberg et al, 2010) ...............................................................6 
Figure 1-2. Bacteriophage lytic and lysogenic cycle .........................................................21 
Figure 4-1. One-step growth curve of bacteriophage ........................................................88 
Figure 4-2. Effect of S. aureus bacteriophage concentration on S. aureus bacteria 
(group 1) .........................................................................................................91 
Figure 4-3. Effect of S. aureus bacteriophage concentration on S. aureus bacteria 
(group 2) .........................................................................................................93 
Figure 4-4. Effect of S. aureus bacteriophage concentration on S. aureus bacteria 
(group 3) .........................................................................................................94 
Figure 4-5. Effect of S. aureus bacteriophage concentration on S. aureus bacteria 
(group 4) .........................................................................................................95 
Figure 4-6. P. aeruginosa bacteriophage Pa 24 growth ...................................................107 
Figure 4-7. P. aeruginosa bacteriophage Pa 51 growth ...................................................108 
Figure 4-8. Effect of bacteriophage Pa 51 on bacterial growth .......................................109 
Figure 4-9. Effect of bacteriophage Pa 32 on bacterial growth .......................................111 
Figure 5-1. Lytic activity of S. aureus (Sa) cocktails 1, 2 and 3 against the reference 
collection ......................................................................................................127 
Figure 5-2. Efficacy of S. aureus bacteriophage cocktails against clinical strains 
isolated in Australia ......................................................................................128 
Figure 5-3. Efficacy of S. aureus bacteriophage cocktails against clinical strains 
isolated in the United Kingdom....................................................................130 
Figure 5-4. Lytic activity of P. aeruginosa (Pa) cocktails E, F and G against the 
reference collection ......................................................................................131 
xvii 
Figure 5-5. Lytic activity of Pa cocktails against the clinical isolates collected in 
Australia ...................................................................................................... 133 
Figure 5-6. Lytic activity of P. aeruginosa (Pa) cocktails E, F and G against clinical 
isolates collected in the United Kingdom .................................................... 134 
Figure 5-7. Lytic activity of P. aeruginosa (Pa) cocktails E, F and G against clinical 
isolates from the United States .................................................................... 136 
Figure 5-8. Lytic activity of P. aeruginosa (Pa) cocktails E, F and G against clinical 
isolates collected in Guatemala ................................................................... 142 
Figure 6-1. (a-d) TEM image of S. aureus bacteriophages belonging to the Myoviridae 
family. .......................................................................................................... 161 
Figure 6-2. (a-c) TEM images of S. aureus bacteriophages belonging to the 
Myoviridae family........................................................................................ 162 
Figure 6-3. TEM image of S. aureus phage Sa 38. ......................................................... 163 
Figure 6-4. TEM image of S. aureus Sa 34. ................................................................... 164 
Figure 6-5. TEM images of P. aeruginosa phages belonging to the Myoviridae 
family. .......................................................................................................... 168 
Figure 6-6. TEM images of P. aeruginosa phages belonging to the Siphoviridae 
family. .......................................................................................................... 169 
Figure 6-7. TEM images of the P.aeruginosa phages belonging to the Podoviridae 
family. .......................................................................................................... 170 
Figure 6-8. Bacteriophage Pa 1 with contracted and tails and empty heads. Scale bar 
100nm .......................................................................................................... 173 
Figure 6-9. Bacteriophage Pa 32 before (right) and after (left) injection of DNA. 
Scale bar 50nm ............................................................................................ 173 
Figure 6-10. Phage Pa 10 with knob-like structure (indicated by the arrow) observed 
in the tail (Scale bar 50nm) ......................................................................... 174 
Figure 7-1. Comparison of DNA extracted: Pa 25 v Sa 38 ............................................. 186 
Figure 7-2. Restriction digest of Sa bacteriophages with HindIII .................................. 189 
Figure 7-3. Restriction digest of Sa bacteriophages with HincII .................................... 190 
xviii 
Figure 7-4. PFGE of S. aureus (Sa) bacteriophages ........................................................192 
Figure 7-5. Restriction digest of Pa bacteriophages with ClaI ........................................194 
Figure 7-6. Restriction digest of Pa bacteriophages with HpaI .......................................195 
Figure 7-7. PFGE of P. aeruginosa (Pa) bacteriophages .................................................197 
Figure 7-8. Bacteriophage restriction patterns variations over time ................................198 
Figure 8-1. P. aeruginosa isolates recovered from the patient's urine. ............................209 
Figure 8-2. Logarithmic plot of early morning urine. Viable P. aeruginosa (CFU/ml) 
and bacteriophage counts (PFU/ml). ............................................................223 
 
 
xix 
List of Tables 
Table 1-1. Main classes of antibiotics and their mechanism of action ............................... 3 
Table 2-1. Methicillin-resistant Staphylococcus aureus reference strains ........................ 36 
Table 2-2. Pseudomonas aeruginosa reference strains ..................................................... 37 
Table 3-1. List of Staphylococcus aureus bacteriophages isolated................................... 51 
Table 3-2. Host range of Staphylococcus aureus bacteriophages isolated against the 
reference collection (Table 2-1). ................................................................... 53 
Table 3-3. List of selected S. aureus bacteriophages based on their "ratio of 
infection"(ROI). The ROI is defined as the number of isolates the phage 
infected over the total number of isolates tested. .......................................... 56 
Table 3-4. Host range patterns of bacteriophages isolated with SPS# 25 against the 
reference collection ....................................................................................... 58 
Table 3-5. List of P. aeruginosa bacteriophages isolated. ................................................ 60 
Table 3-6. Host range of P. aeruginosa bacteriophages isolated against the reference 
collection (Table 2-3). ................................................................................... 61 
Table 3-7. List of selected P. aeruginosa bacteriophages based on their "ratio of 
infection" (ROI).  The ROI was defined as the number of isolates the 
phage infected over the number of isolates tested. ........................................ 64 
Table 4-1. Host range of selected S. aureus bacteriophages (Sa) against the clinical 
collection (Appendix 1) ................................................................................. 80 
Table 4-2. pH stability of Sa bacteriophages .................................................................... 87 
Table 4-3. One-step growth curve of Sa phages ............................................................... 89 
Table 4-4. Host range of P. aeruginosa phages against clinical isolates (Appendix 2) ... 98 
Table 4-5. pH stability of P. aeruginosa phages ............................................................. 104 
Table 4-6. One-step growth curve of Pa phages ............................................................. 105 
xx 
Table 5-1. S. aureus phage cocktails calculated ratio of infection (ROI) against the 
reference and clinical strains tested. .............................................................139 
Table 5-2. P. aeruginosa phage cocktails calculated ratio of infection (ROI) against 
the reference and clinical strains tested. .......................................................140 
Table 5-3. Staphylococcus aureus and frequency of emergence of bacteriophage-
insensitive mutants (BIM). ...........................................................................144 
Table 5-4. Pseudomonas aeruginosa and frequency of emergence of bacteriophage 
bacteriophage-insensitive mutants (BIM). ...................................................146 
Table 5-5. Susceptibility of presumptive phage-resistant cells to individual P. 
aeruginosa (Pa) bacteriophages present within cocktail E. .........................148 
Table 5-6. Susceptibility of presumptive phage-resistant cells to individual P. 
aeruginosa (Pa) bacteriophages present within cocktail F. ..........................150 
Table 5-7. Susceptibility of presumptive phage-resistant cells to individual P. 
aeruginosa (Pa) bacteriophages present within cocktail G. .........................151 
Table 6-1. Summary of taxonomic phage families by morphotypes (Adapted from 
Ackermann, 2007).........................................................................................158 
Table 6-2. Morphological characteristics of S. aureus (Sa) bacteriophages as 
observed by electron microscopy. ................................................................166 
Table 6-3. Morphological characteristics of P. aeruginosa bacteriophages as 
observed by electron microscopy. ................................................................171 
Table 7-1. Number of restriction fragments produced by S. aureus (Sa) phages ............187 
Table 7-2. Number of restriction fragments produced by P. aeruginosa (Pa) phages. ...193 
Table 8-1. Bacteriophage activity against the Pseudomonas aeruginosa strains 
recovered from the infected urine. ...............................................................212 
Table 8-2. Phage administration and sample collection protocol ....................................214 
Table 8-3. Stability of bacteriophage in urine samples. ...................................................218 
Table 8-4. Bacteriophage counts (PFU/ml) in urine samples with or without buffer 
for five days. .................................................................................................220 
Table 8-5. P. aeruginosa bacteriuria and phage counts throughout the phage therapy 
treatment applied. .........................................................................................222 
